Introduction: Recent international guidelines call for expanded access to triple-drug antiretroviral therapy (ART) in HIV-positive women during pregnancy and postpartum. However, high levels of non-adherence and/or disengagement from care may attenuate the benefits of ART for HIV transmission and maternal health. We examined the frequency and predictors of disengagement from care among women initiating ART during pregnancy in Cape Town, South Africa. Methods: We used routine medical records to follow-up pregnant women initiating ART within prevention of mother-tochild transmission of HIV services in Cape Town, South Africa. Outcomes assessed through six months postpartum were (1) disengagement (no attendance within 56 days of a scheduled visit) and (2) missed visits (returning to care 14Á56 days late for a scheduled visit). Results: A total of 358 women (median age, 28 years; median gestational age, 26 weeks) initiated ART during pregnancy. By six months postpartum, 24% of women (n 086) had missed at least one visit and an additional 32% (n 0115) had disengaged from care; together, 49% of women had either missed a visit or had disengaged by six months postpartum. Disengagement was more than twice as frequent postpartum compared to in the antenatal period (6.2 vs. 2.4 per 100 woman-months, respectively; p B0.0001). In a proportional hazards model, later gestational age at initiation (HR: 1.04; 95% CI: 1.00Á1.07; p00.030) and being newly diagnosed with HIV (HR: 1.57; 95% CI: 1.07Á2.33; p00.022) were significant predictors of disengagement after adjusting for patient age, starting CD4 cell count and site of ART initiation.
Introduction
Mother-to-child transmission (MTCT) of HIV is the main contributor to new HIV infections in children globally [1] . In 2012, an estimated 260 000 children were newly infected with HIV and 90% of these new infections occurred in Sub-Saharan Africa (SSA) [1] . Maternal viral load is a key determinant of MTCT risk and triple-drug antiretroviral therapy (ART) is highly effective in reducing viral load, in turn reducing MTCT risk and promoting maternal health [2, 3] . Use of ART by HIV-positive pregnant women is currently the standard of care worldwide and the most recent South African national prevention of mother-to-child transmission (PMTCT) guidelines recommend immediate ART initiation in all pregnant and breastfeeding women [4] .
The success of ART for both maternal health and PMTCT hinges on initiation timeously during pregnancy and maintenance of high levels of adherence throughout pregnancy and postpartum when breastfeeding. Uptake of ART during pregnancy has improved with the introduction of ART services integrated into antenatal care (ANC) [5Á8] . It has also resulted in earlier ART initiation, increasing the time on treatment prior to delivery and further reducing the risk of MTCT [9Á13] . However, poor ART adherence and disengagement from care undermine the potential benefits of maternal ART use during pregnancy and/or breastfeeding and confer increased risk of MTCT as well as maternal morbidity and mortality [12, 14, 15] .
Several studies have suggested that levels of ART adherence may be lower, and/or disengagement higher, in pregnant and postpartum women compared to non-pregnant adults initiating ART [16Á19] . There is a particular concern during the postpartum period [6, 15, 20] , when women may encounter multiple barriers to remaining in care and adherent to treatment [15,21Á23] . In light of these concerns, alongside new policies that call for expanded access to lifelong ART in HIV-positive pregnant women [14] , there is an urgent need for insights into ART adherence and retention in care among women initiating ART during pregnancy.
This study investigated retention in care, including disengagement and missed ART dispensing visits, following ART initiation by pregnant women in Cape Town, South Africa. The objectives were (1) to describe the frequency of disengagement and missed visits from ART services during pregnancy and up to six months postpartum, and (2) to investigate socio-demographic, clinical and health service factors, in particular the site of ART initiation, that may be predictors of retention in ART services.
Methods
We conducted a retrospective cohort study of all HIV-positive women who initiated ART during pregnancy between January 2011 and September 2012, after booking for ANC at a large primary-level antenatal clinic in Gugulethu, Cape Town. The population attending this clinic is predominantly black African. Historically, all women found to be ART eligible during ANC were referred for treatment initiation at a general adult ART clinic on the same premises as the ANC facility [9, 13, 24] . In January 2012, integrated nurse-initiated and managed ART services were introduced at the antenatal clinic. After this time, all eligible women started ART in the ANC facility where they continued to receive their ART care along with ANC throughout the antenatal period. Following delivery, women with viral suppression were transferred to general adult ART services after the latter of 20 weeks on treatment or when the infant HIV status had been determined at six weeks of age. Clinical and counselling protocols did not differ significantly between the general ART and the ANC-based ART service, and counselling services were provided by the same team of counsellors during normal working hours across both ART sites.
Throughout the study period, pregnant HIV-positive women who were eligible for ART were started on a combination of tenofovir with lamivudine and either nevirapine or efavirenz [25] . ART eligibility was based on CD4 cell count of 5350 cells/ml or WHO stage III/IV disease throughout the study period and women attended 1Á2 counselling sessions prior to starting ART. At both ART sites, women received a 30-day supply of ART for the first four months on treatment and a 30-or 60-day supply thereafter; follow-up visits were scheduled every 28 or 56 days, accordingly.
Data collection
Data for this analysis come from a review of routine medical records for all pregnant women registered in the Gugulethu antenatal clinic with documented HIV infection and who initiated ART between January 2011 and September 2012. Demographic, obstetric and clinical characteristics, as well as the ART initiation site and details of visit attendance (including dates of clinic visits, scheduled visits and quantity of ART supplied at each visit) were abstracted from clinic visit and pharmacy records at both the general adult and integrated ART facilities using standardized data abstraction tools. Data were abstracted up to 12 months on ART and missing laboratory and delivery data were obtained from routine laboratory databases.
Data analysis
Data were analyzed using Stata 12.0 (Stata Corporation, College Station, USA). Descriptive statistics were used to summarise the baseline characteristics of the study population. Bivariate associations were calculated using Chi-squared tests for categorical variables and the Wilcoxon rank-sum test for independent samples of continuous variables. The primary exposure of interest was the site of ART initiation, analyzed as a binary variable denoting general adult ART initiation or ART initiation integrated into ANC. The quantity of ART supplied at each visit was used to determine the next expected visit date and the number of days late were calculated as the difference between the expected ART visit and the date the visit was attended.
The primary outcome of disengagement from care was defined as having 56 days elapsed since the last scheduled visit with no evidence of attendance, treatment collection or transfer out (TFO) [9, 26, 27] . For the purpose of this analysis, women transferred out during the analysis period were censored at the time of transfer. Secondary analyses focused on missed visits as a marker of non-adherence, defined as being more than 14 days late for a visit but returning to care within 56 days; women who had missed a visit may have disengaged from care at a later date. In sensitivity analyses, we examined variability in the time periods used to define disengagement and missed visits, and found that realistic variations in definitions did not influence results appreciably. Antenatal person-time was accrued from ART initiation to the first of: (1) Delivery; (2) TFO or (3) disengagement. For women remaining in care postpartum, person-time accrued from the date of delivery up to the first of: (1) the end of the study period; (2) TFO or (3) disengagement. The date assigned to disengagement was the date of the last expected visit. KaplanÁMeier curves were generated to explore retention in the antenatal and postpartum periods and between the two ART initiation sites. Predictors of disengagement overall, as well as restricted to the antenatal or postpartum periods, were examined using Cox proportional hazards models, with results reported as adjusted hazard ratios (aHR) with 95% confidence intervals (CI). Variables were included in the model if they demonstrated a significant association (pB0.05) with the outcome, and/or appeared to confound the associations involving other variables. Time-varying covariates were used to examine the impact of pregnancy status (antenatal versus postpartum) on disengagement.
Ethical approval to abstract data and conduct this analysis was provided by the Human Research Ethics Committee of the University of Cape Town.
Results
Of 393 women who initiated ART in pregnancy between January 2011 and September 2012, 358 (91%) had patient records available and were included in this analysis. The median age and gestational age at ART initiation were 28 years (IQR 26Á33) and 26 weeks (IQR 21Á31), respectively (Table 1) .
Most women had at least secondary level education, only 28% of women were employed, and 77% reported being in a relationship. Overall, 207 women (58%) were newly diagnosed as HIV-positive in the current pregnancy and the majority of women reported having disclosed their HIV status to at least one person at the time of ART initiation. The median CD4 cell count at the time of screening for ART eligibility was 233 cells/ml (IQR 157Á287) and 88% of women were classified as WHO clinical stage I or II; 19% were in their first pregnancy and the median parity was 1 (IQR 1Á2). History of antiretroviral (ARV) exposure was available for 350 women (98%) of whom 45% were ARV naïve, 5% had previously initiated ART and defaulted prior to the index pregnancy and 50% had previous exposure to ARV prophylaxis for PMTCT. In total, 142 women started ART in the general adult ART service while 216 women initiated ART within the ANC clinic. There was no significant difference in age, parity, education or employment status in the two groups. Among women starting ART in the ANC clinic, 61% had been newly diagnosed with HIV in the current pregnancy compared to 53% of women referred out to start ART (p 00.068). Women starting ART in the ANC clinic also tended to have a lower WHO clinical stage at ART initiation (p 00.036), although there was no significant difference in screening CD4 cell count between the two groups. Disclosure was common in both groups; however, the proportion of women who had disclosed was significantly higher among women initiating in the adult ART clinic compared to women starting within ANC (p 00.021).
Descriptive characteristics of all women stratified by their final retention status in the primary analysis are displayed in Table 2 . Of 358 women included in the analysis, 115 women (32%) had disengaged from care while 243 (68%) were either still in care at the ART initiation site or had been TFO before six months postpartum. Demographic characteristics were similar between women retained and those who had disengaged. Among those retained in care, 54% had been newly diagnosed with HIV, compared to 65% new diagnoses among women who had disengaged from care (p00.060). Median gestational age at ART initiation was lower among women who were retained (25 weeks IQR: 20Á30), compared to those who had disengaged (28 weeks IQR: 21Á32).
Outcomes by ART initiation site are displayed in Table 3 . In the primary analysis, 32% of women had disengaged (having 56 days elapsed from the last scheduled visit and no evidence of attendance) and 24% of women experienced a missed visit (returning to care 14Á56 days after the scheduled visit date). Overall, 49% of women had either disengaged or had at least one missed visit before six months postpartum. Missed visits were more common in the general ART clinic and in the postpartum period. Rates of disengagement were lower in the antenatal period (2.41 per 100 woman-months) compared to postpartum (6.17 per 100 woman-months). The difference between postpartum and antenatal rates of disengagement was higher among women who started ART in the ANC clinic (rate ratio, 4.09) compared to those starting at a general adult service (rate ratio, 1.42). Figure 1 shows disengagement from care by site of treatment initiation overall and separately for the antenatal and postpartum periods. Among women who disengaged from care after delivery, the median time to disengagement was 57 days postpartum (IQR 9Á97). Rates of disengagement appeared similar in women who started ART in the general ART clinic compared to those initiated in the ANC overall ( Figure 1a ) and postpartum (Figure 1c) . Disengagement in the antenatal period appeared higher among those who started ART in a general ART clinic compared to among women who initiated ART in the ANC, and this association approached statistical significance (p00.054; Figure 1b) . The cumulative probability of disengagement was higher in the postpartum period regardless of the model of ART initiation (Figure 2 ; p 00.0004).
In proportional hazard models (Table 4) , the site of ART initiation was not a significant predictor of disengagement overall, antenatally or in the postpartum period. Only having a later gestational age at ART initiation and being newly diagnosed with HIV in the current pregnancy were identified as significant predictors of disengagement overall and after delivery. After adjusting for age, time of HIV diagnosis, CD4 cell count, site of initiation and being in the postpartum period, a one-week increase in gestational age at ART initiation was associated with a 4% increased hazard of having disengaged from care by six months postpartum (aHR: 1.04 CI: 1.00Á1.07). Women newly diagnosed with HIV in the current pregnancy had a 57% increased hazard of disengagement overall compared to women with known HIV infection (aHR: 1.57 CI: 1.07Á2.33). There was an almost 4-fold increase in the hazard of disengagement postpartum compared to that found in the antenatal period (aHR: 3.93 CI: 1.25Á12.31).
Discussion
This analysis suggests that by six months postpartum, almost half of women had either missed at least one scheduled visit or had disengaged from care after initiating ART during pregnancy and that both disengagement and missed visits appeared substantially more common postpartum compared to before delivery. Overall, 24% of women in this analysis missed at least one scheduled ART dispensing visit and subsequently returned to care, suggesting poor treatment adherence even among those women who remain engaged in care. In the context of pregnancy and PMTCT, these gaps in care and treatment have serious implications for the risk of vertical transmission as well as maternal health.
Missed visits occurred more frequently after delivery but also appeared to be more common among women starting ART in the general ART site. We can hypothesize that there may have been longer waiting times and higher patient volumes in the general ART clinic, presenting an additional burden to mothers on ART. In addition, attending a dedicated ART clinic may be associated with greater HIV-related stigma. These and other possibilities require future research attention.
Although retention-related outcome definitions vary between studies, these findings are broadly consistent with the results of previous publications indicating high levels of non-retention and/or non-adherence, particularly postpartum [15, 26,28Á30] . The rate of disengagement appeared higher in the ANC ART site post-delivery and lower in the ANC ART site prior to delivery, compared to rates among women in the general ART clinic. This supports recent data from Malawi suggesting that integrated ANC ART care may enhance uptake of ART but may have poorer retention outcomes compared to other models of care [31] . Two significant predictors emerged for risk of disengagement in this analysis. First, women newly diagnosed with HIV in pregnancy were more likely to have disengaged from care compared to women who had been diagnosed previously. This echoes previous findings suggesting substantial challenges related to coping with an HIV diagnosis in pregnancy [22, 27, 32] . Women diagnosed with HIV during pregnancy may not be being adequately counselled regarding their HIV status and lifelong treatment. Improving post-test and early ART counselling for women newly diagnosed with HIV may aid ART retention and adherence [33, 34] , and will be an important consideration as many countries move towards same-day ART initiation. Studies have found that peer support groups may play a significant role in improving understanding of HIV and PMTCT, and promoting retention and adherence [35Á37]. Second, later gestational age at initiation was found to be a predictor of disengagement through six months postpartum. Women initiating ART at later gestational ages have less time in HIV care and possibly less counselling than women who start ART earlier in pregnancy. This may influence retention, although the data are mixed [28] . While the underlying mechanisms require further investigation, it is also possible that late gestation at ART initiation reflects suboptimal health-seeking behaviour more generally [38, 39] . This would suggest that women who seek ANC and/or initiate ART late in pregnancy are a high-risk population that requires special attention throughout the postpartum period of breastfeeding.
Other predictors of disengagement and/or poor adherence identified in existing studies include younger age [16, 26, 28] , non-disclosure of HIV status [33, 40, 41] and better baseline disease status [27, 28] . These were not confirmed in this analysis, however the population of women described here did not vary significantly in age and disclosure status, and all women started ART based on CD45350 cells/ml. Our ability to assess predictors may have been limited by this lack of variability within covariates. Inadequate knowledge about PMTCT, partner involvement and travel costs have also been identified as barriers to retention and adherence [33, 34, 40, 42] , however these variables were not available in this analysis.
We found that women receiving care in the integrated service started ART earlier in gestation. Earlier gestational age at initiation was found to be a predictor of retention in this analysis, however levels of disengagement were similar among women in both ART initiation groups overall. In the antenatal period the frequency of disengagement was lower among women who received integrated ART compared to women who were referred out for ART (1.82 and 3.59 women per 100 women-months, respectively, p 00.054). This may be explained by a lower burden of health care visits as well as improved relationships with health care providers in an integrated ART/ANC service [43, 44] . Further research is required to fully explore the impact of timing of ART initiation and integrated service delivery on retention in care as well as adherence both during pregnancy and after delivery.
Linking women to long-term ART care from PMTCT services is known to be a challenge [21, 45] . Although women in this analysis were considered to be retained in care at the time of TFO, it is important to note that women transferred in the early postpartum period may be particularly vulnerable to disengagement. Several studies, including the present analysis, have found that women are at a higher risk of disengagement and/or non-adherence postpartum compared to during pregnancy [15, 26] . This, coupled with the known challenges of linking women to general adult ART care, may be cause for concern [21, 45] . Data on women after they were transferred out of the ANC was not available. There is a clear need for research on postpartum linkage to general ART services to further understand barriers to and enablers of postpartum linkage, as well as to develop interventions to ensure women complete the transition to lifelong adult ART. Further research is also required to establish the optimal timing of postpartum TFO from integrated ART care to ensure women remain adherent and in care during the critical postpartum breastfeeding period. Several important limitations should be considered with the present findings. The sample size may limit the power of the analysis to detect small associations involving measured covariates. All data were collected from review of routine medical records and not all covariates were routinely measured and recorded in this setting. Related to this, recording of reasons for late or missed visits is not routine and it was not possible to explore reasons for late visit attendance. The retrospective design of this study made it possible to include two sequential cohorts of women initiating ART, first at general adult ART services and then in an integrated antenatal ART service. It is possible that waiting times were longer in the general ART clinic than the integrated clinic due to higher patient volumes however these data were not available. Although there were no notable changes in policy or service delivery models over the review period, without randomization or simultaneous enrolment at the two ART sites, changes in care provision over time could not be controlled for in this analysis.
This analysis is limited to a cohort of women known to have initiated ART during pregnancy; a select group who successfully linked from ANC to ART services. Disengagement prior to ART initiation in pregnancy is known to be high [7, 46] and our estimates may be an underestimation as a result of this selection bias. The rate of disengagement in this analysis may be an overestimate as women who were considered disengaged may have returned to care after the end of the study Results from Zambia suggest that ART patients frequently represent for care following a period of disengagement, and this possibility warrants further examination in the context of postpartum follow-up of women on ART [49] . In addition, this analysis focused on missed visits and disengagement from care up to six months postpartum but there are other important outcomes, in particular infant HIV infection and maternal retention through breastfeeding for PMTCT, and on-going retention for maternal health which we have not examined. Despite the limitations of routinely collected medical records, this study took place in a large, representative primary health care facility where visit attendance and pharmacy records were well completed. In turn, these data represent a ''real-world'' estimate of the timing of disengagement from primary care services in this setting; however, further research into the frequency, predictors and prevention of disengagement from ART care during pregnancy and postpartum are clearly required.
In conclusion, these results demonstrate that missed visits and disengagement from care occur frequently among HIV-positive women who initiate ART during pregnancy, particularly in the postpartum period. With the promotion of breastfeeding and a shift to lifelong ART for all pregnant HIV-positive women in SSA, these data highlight the importance of promoting postpartum retention and adherence both for PMTCT as well as for on-going maternal health. While additional research is required, women presenting for ANC or ART at later gestational ages may be particularly vulnerable and those newly diagnosed with HIV during pregnancy may require additional counselling and support to promote adherence and retention during pregnancy and after delivery.
